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Abstract: In this study, an efficient technique to improve and maintain the 
voltage levels of Cascaded H-Bridge Multi-Level Inverter (CHB-MLI) which 
utilizing PhotoVoltaic (PV) panel sources is presented. It is designed to make 
fifteen level output voltage and tested under the various levels of resistive 
loads. It produces staircase output with reduced component size, increases the 

output voltage level, reduces the voltage stress across the load/switches, 
reduces the Total Harmonic Distortion (THD) and increases the voltage gain. 
The switching pulses are generated using Phase Opposition Disposition (POD)-
Pulse Width Modulation (PWM) technique. It is modeled and simulated using 
SIMULINK graphical programming environment in MATLAB. Results prove 
that the system provides lower THD than conventional systems.   
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I. INTRODUCTION 

The use of PV based energy sources are more popular nowadays and are 
used in generation and distribution frameworks and electric vehicles etc. The DC-

AC power converters including the voltage and current source inverter are used to 

acquire a suitable output from PV energy resources for such applications. PV 

systems are becoming much familiar than other renewable energy resources due 

to their advantages such as less maintenance, pollution-free and no fuel cost. 
PV generation system requires advanced electronic devices for better power 

quality, to increase the generation and for proper utilization of generated energy 

[1-3]. As a result, researchers introduced many converters, inverters, and 

controllers. Multilevel inverters are more attention due to its attractive features 

such as maximum power, small voltage stress on the switch, and high output 

voltage gain with small harmonics [4-5]. 
Multilevel inverters are used in different areas like power system 

application such as static compensators [6-7], electric drives, industrial 

applications, and flexible alternative current transmission systems [8]. The 

available three superior types of multilevel inverters are diode clamped, flying 

capacitor, and CHI-MLI. H-bridge inverters are mainly considered because of fewer 
components and favorable conditions like isolation and electromagnetic similarity 

over different structures [9].  

The main use of MLI is to reduce THD in the output voltage. THD can be 

reduced by using proper PWM techniques [10]. The different PWM methods 

available are phase shifted and level shifted PWM. The former one can be 

classified into phase disposition, POD, alternate POD, variable frequency, and 
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finally carrier overlapping PWM. In [11-13], multi-carrier phase shifted PWM 

technique is used for cascaded seven-level inverter.  
In this study, PV fed 15-level multilevel inverter using POD-PWM 

technique is presented for reducing the harmonic distortion and improving voltage 

level without transformer. Section 2 discusses the methods and materials used for 

the design of CHB-MLI using POD-PWM techniques. The next section provides the results 

obtained by the CHI-MLI system and the last section concludes the CHB-MLI system. 

II. METHODS AND MATERIALS 

 Figure 1 shows the PV fed multilevel inverter design using POD-PWM 

technique for improved power quality. It consists of a PV source and CHB-MLI 
driven by POD-PWM technique. The voltage (Vpv) attained from the PV is feed to 

the CHB-MLI, which is connecting to the resistive load (Rload).  Pulse is generated 

according to POD-PWM technique and given to the inverter for obtaining the 

desired fifteen level output voltage.    

 

   

Fig. 1 Block diagram of PV fed multilevel inverter design 

A. Solar Panel  

In order to generate enough power to Rload, more PV panels can be 

combined as they require less maintenance. In simulation, PV is represented 

using 2-diode model as shown in Fig. 2. This model is highly efficient to provide 
better power to the load than the single diode model. The output current of the PV 

array can be represented as,  

 

RpDDph IIIII  210                                     (1) 

PV   

Source 

 

CHB-MLI Resistive  

Load 

POD-PWM  

Topology 
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Fig. 2 Two diode model of PV  

B.  CHB-MLI system 

The basic 5-level CHB-MLI formed with 8 switches is shown in Fig. 3. The 

sum of the output voltage of each H-bridge is the output of CHB-MLI. Any 
increase in the number of bridge will increase the output voltage level and it 

becomes similar to a sinusoidal waveform. 

 

Fig. 3 Basic circuit diagram of CHB-MLI 

C.  POD-PWM Technique 

It is one of the level shifted PWM techniques. PWM is generated, if the sine 
wave is greater or lesser than the carrier signals. Figure 4 shows the generalized 

diagram of POD-PWM. The carrier signals above and below zero are 180 degrees 
out of phase to each other. 
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Fig. 4 Generalized representation of POD-PWM 

III. RESULTS AND DISCUSSION 

Figure 5 shows the MATLAB simulation diagram of the PV fed 15 levels 

CHB-MLI and the various configurations used in the simulation are listed in Table 

1. The CHB-MLI is designed using 10 power semiconductor switches with three 

DC sources such as 12V, 24V and 48V. All switches are controlled by PWM pulses 

which are generated using POD-PWM method.    

 

Fig. 5 Simulink diagram of 15-level CHB-MLI 
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TABLE 1 Simulation parameters 

Parameter Values 

Three Separate Sources - 

Solar Voltage (V) 
12V, 24V,48V 

Switching Frequency (Fs) 1500Hz 

Carrier Frequency (Fc) 100Hz 

 

 The POD-PWM pulses are generated by comparing a reference sine wave 

with triangular career waves. When the reference signal cuts the carrier signal it 

creates pulse to the semiconductor switches. The generation of POD-PWM is 
shown in Fig. 6. The 15-level output voltage waveform is shown in Fig. 7. 

 

Fig. 6 Generation of POD-PWM 

 

Fig. 7 Output voltage waveform of 15-level CHB-MLI 
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Fig. 8 THD in percentage 

TABLE 2 Performance of 15-level CHB-MLI with conventional system 

Parameter Conventional Method Proposed Method 

Semiconductor switch 12 10 

Output voltage levels 9 15 

%THD 18.14 6.18 

 

From Table 2, it is inferred that conventional method consists of 12 
switches and gives 9 level output with 18.14 % of THD using POD-PWM whereas 

the CHB-MLI system consists of 10 switches and gives 15 level output voltage with 

6.18% of THD using POD-PWM technique. 

IV. CONCLUSION 

In this study, a design of PV fed 15-level CHB-MLI is presented. It is 
designed with 10 switches which are driven by POD-PWM technique and tested 

under the various levels of resistive loads. All the simulations are carried out in 

MATLAB simulink tool. The system achieves lesser THD of 6.18% whereas the 

conventional system has 18.14%. Also, the output voltage of the inverter is 96 

volts to -96 volts with the difference of 12V between each level for input of 48 volts. 
Results show that the POD-PWM technique improves the voltage gain without the 

use of transformer and reduces the THD and it is concluded that POD-PWM is 

best suitable for MLI. 
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